In the visual system, deletion of connexin 57 (Cx57) reduces gap junction coupling among horizontal cells and results in smaller receptive fields. To explore potential functions of Cx57 in olfaction, in situ hybridization and immunohistochemistry methods were used to investigate expression of Cx57 in the olfactory epithelium and olfactory bulb. Hybridization signal was stronger in the olfactory epithelial layer compared to the connective tissue underneath. Within the sensory epithelial layer, hybridization signal was visible in sublayers containing cell bodies of basal cells and olfactory neurons but not evident at the apical sublayer comprising cell bodies of sustentacular cells. These Cx57 positive cells were clustered into small groups to form different patterns in the olfactory epithelium. However, individual patterns did not associate with specific regions of olfactory turbinates or specific olfactory receptor zones. Patched distribution of hybridization positive cells was also observed in the olfactory bulb and accessory olfactory bulb in layers where granule cells, mitral cells, and juxtaglomerular cells reside. Immunostaining was observed in the cell types described above but the intensity was weaker than that in the retina. This study has provided anatomical basis for future studies on the function of Cx57 in the olfactory system.
a b s t r a c t
In the visual system, deletion of connexin 57 (Cx57) reduces gap junction coupling among horizontal cells and results in smaller receptive fields. To explore potential functions of Cx57 in olfaction, in situ hybridization and immunohistochemistry methods were used to investigate expression of Cx57 in the olfactory epithelium and olfactory bulb. Hybridization signal was stronger in the olfactory epithelial layer compared to the connective tissue underneath. Within the sensory epithelial layer, hybridization signal was visible in sublayers containing cell bodies of basal cells and olfactory neurons but not evident at the apical sublayer comprising cell bodies of sustentacular cells. These Cx57 positive cells were clustered into small groups to form different patterns in the olfactory epithelium. However, individual patterns did not associate with specific regions of olfactory turbinates or specific olfactory receptor zones. Patched distribution of hybridization positive cells was also observed in the olfactory bulb and accessory olfactory bulb in layers where granule cells, mitral cells, and juxtaglomerular cells reside. Immunostaining was observed in the cell types described above but the intensity was weaker than that in the retina. This study has provided anatomical basis for future studies on the function of Cx57 in the olfactory system.
Introduction
In light of genetic, molecular and functional studies on gap junctions and gap junction protein subunits, connexins, it has been demonstrated that this gene family is involved in a broad range of biological and physiological processes. Among twenty connexin (Cx) genes discovered in mouse and twenty-one in human genomes, nearly half of them are expressed in the nervous system. While ultrastructural studies demonstrate that Cx36 and Cx45 are expressed in neurons (Rash et al., 2001 (Rash et al., , 2005 Pereda et al., 2003) , molecular biological and transgenic studies indicate that Cx43 and Cx57 are also expressed in neurons (Zhang et al., 2000; Hombach et al., 2004) and have significant physiological functions (Zhang and Restrepo, 2005; Shelley et al., 2006; Zhang, 2010) . A recent study has shown that Cx30.2 is another neuronal gap junction protein although its function remains undefined (Kreuzberg et al., 2008) .
Presence of gap junctions in the olfactory system has been observed at various levels. In early studies, freeze fracture data showed the presence of gap junctions in the olfactory bulb in granule cells (Reyher et al., 1991) , and in mitral and tufted cells (Miragall et al., 1996) . A few recent elegant ultrastructural studies * Tel.: +1 312 567 3575; fax: +1 312 567 3494.
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ZhangC@iit.edu have demonstrated that gap junctions are found in neuronal processes of periglomerular cells, mitral cells and tufted cells (Kosaka and Kosaka, 2003 , 2004 , 2005 . It was later shown that some of these gap junctions are formed by Cx36 or Cx45 (Kosaka et al., 2005; Rash et al., 2005) , and that Cx36 gap junctions are responsible for coordination among mitral cells (Christie et al., 2005) . Using in situ hybridization and immunohistochemistry methods, we have demonstrated that Cx36, Cx43 and Cx45 are expressed in neurons in the olfactory bulb including periglomerular cells, tufted cells, mitral cells and granule cells (Zhang et al., 2000; Zhang and Restrepo, 2002, 2003) .
Gap junction plaques are found in the olfactory epithelium by freeze fracture techniques (Koling et al., 1988; Rash et al., 2005 ). An immunohistochemical study showed that Cx43 was expressed in sustentacular cells of the olfactory epithelium, in fibroblasts in the underlying connective tissue, and in ensheathing cells within axon bundles (Miragall et al., 1992) . Using in situ hybridization, immunohistochemistry, mouse genetics and olfactory bulb ablation approaches we have demonstrated that Cx43 is expressed in mature and immature olfactory neurons in addition to the aforementioned cells (Zhang et al., 2000) . We have further shown that Cx36 and Cx45 are expressed in olfactory neurons and neurons in the olfactory bulb (Zhang and Restrepo, 2002, 2003) . Expression of Cx36, Cx43 and Cx45 in the olfactory epithelium and olfactory bulb exhibits distinct spatial distribution patterns. In this study, I provide evidence on expression of Cx57 in olfactory neurons and basal
